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(54) GPS receiver and GPS position measurement method 



(57) A GPS receiver includes a GPS block (1) for 
perfomning position measurement based on a signal 
transmitted from a GPS satellite to update a navigation 
message and repeating standby and startup thereof. An 
external clocI< block (2) holds frequency Information and 
time information of a high accuracy and outputs a start 
signal to the GPS block (1), which is in a standby state, 
based on the frequency infonnation and the time infor- 
mation held therein. A frequency measurement block (3) 
measures a frequency offset which is a displacement of 



a frequency oscillator (12) of the GPS block (1 ) with ref- 
erence to the frequency information held in the external 
clock block and outputs infomiation of the measured fre- 
quency offset to the external clock block (2) . 

GPS position measurement can be performed sta- 
bly and rapidly without the necessity to wait for periodi- 
cal time infomnation from a GPS satellite and powercon- 
sumption is minimized also with a minimized position 
measurement time through the selection of an optimum 
time interval between intemnittent receptions of GPS 
signals. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention relates to a GPS receiver and a 
GPS position measurement method. 
[0002] An lllustrattve embodiment of the Invention re- 
lates to a navigation system for a mobile unit such as a 
car navigation system. 

[0003] The GPS system is a position measurement 
system developed to allow a mobile unit such as an air- 
craft or a ship to determine the position on the earth or 
the velocity of the mobile unit on the real time basis uti- 
lizing GPS satellites which fly up in the sky. Recently, 
the GPS system is utilized widely in the field of the static 
survey for measuring the distance or the direction be- 
tween different spote on the earth and the like fields in 
addition to the position measurement by a mobile unit. 
In order to utilize the GPS system, a GPS receiver for 
receiving radio waves radiated from GPS satellites is 
used. 

[0004] FIG. 9A shows a general construction of a GPS 
system used popularly, and FIG. 9B illustrates a con- 
ventional GPS position measurement operation. Refer- 
ring first to FIG. 9A, a spread spectrum signal of 1 .57542 
GHz is transmitted from a GPS satellite 200. An antenna 
section 211 of a GPS receiver 210 receives the trans- 
mitted signal after a propagation time which relies upon 
the distance between the GPS satellite 200 and the GPS 
receiver 210. The signal received by the antenna sec- 
tion 211 is down converted into a signal of a predeter- 
mined intemiediate frequency by a radio frequency (RF) 
section 212 and then supplied to a signal synchronizing 
demodulation section 213. The intermediate frequency 
signal is despread into demodulated data by the signal 
synchronizing demodulatton section 213. The demodu- 
lated data Is used for position measurement catoulation 
by a signal processing section 214. In this manner, the 
signal transmitted from the GPS satellite 200 Is received 
and used for position measurement calculation by the 
GPS receiver 210. 

[0005] FIG. 9B illustrates a conventional GPS position 
measurement operation perfonned by the GPS receiver 
21 0. Rrst, when power supply to the GPS receiver 21 0 
is made available, a frequency search is performed. The 
frequency search is performed in order to synchronize 
a frequency of a low accuracy produced by a frequency 
oscillator 215 in the GPS receiver 210 and having an 
error with a signal frequency of a high accuracy trans- 
mitted from the GPS satellite 200. If some con-elation 
between the frequencies is detected, then the GPS re- 
ceiver 210 perform a PLL (Phase Locked Loop) opera- 
tion for adjustment in phase to synchronize the Internal 
frequency fully with that of the signal from the GPS sat- 
ellite 200. Then, after an edge at a bit boundary is de- 
tected and therefore data can be fetched, time infonna- 
tion is conf imied. In particular, the TOW (Time Of Week) 
placed in the second word of a subframe in a hierarchi- 



cal navigation message and representative of a signal 
time within one week in the period of 6 seconds is 
fetched. After the TOW is fetched, position measure- 
ment calculation is started. After the position measure- 
5 ment calculation Is completed, position measurement 
data is outputted, and the current position is calculated 
finally. 

[0006] In this manner, the GPS position measurement 
method requires the frequency oscillator 21 5 for captur- 
10 ing a signal from the GPS satellite 200, and In order to 
establish synchronism with a signal frequency of a high 
accuracy transmitted from the GPS satellite 200, it is re- 
quired that the frequency oscillator 215 is high in accu- 
racy. However, the oscillation frequency of the frequen- 
ts cy oscillator 21 5 is fluctuated generally by a temperature 
or a secular change. This fluctuation prevents easy cap- 
ture of the signal from the GPS satellite 200 through the 
use of the frequency oscillator 215, and therefore, a 
scheme of a frequency search must be provided sepa- 
20 rately. Since usually the frequency search requires 
much time, a considerably long time is required until the 
current position is calculated finally. 
[0007] Further, in the conventional GPS position 
measurement method, the time required after the signal 
25 from the GPS satellite 200 is captured until all of abso- 
lute time information included in the signal is acquired 
is approximately 6 seconds even upon hot starting, with 
which the time is minimized, and In the best conditions, 
but usually, a time of tens and several seconds is re- 
30 quired. Further, since position measurement calculation 
is perfonned using the acquired absolute time informa- 
tion , a considerably long time is required until the current 
position is calculated. 

[0008] Furthemnore, in the conventional GPS position 

35 measurement method, when position measurement is 
performed again after a time longer than a fixed interval 
of time elapses, time for fetching a navigation message 
newly is required. Therefore, a considerably long time 
is required until the current position is calculated. 

40 [0009] Where much time is required for GPS position 
measurement from such reasons as described above, 
for example, in a car navigation system, the current po- 
sition cannot be discriminated Immediately after power 
supply is made available. This raises a problem that the 

45 route to a destination cannot be discriminated rapidly or 
the cunrent position is unsettled due to an error of the 
self-contained navigation and this increases time until 
the con-ect position is discriminated. Further, in an ap- 
paratus of the type wherein a GPS receiver is built in or 

50 connected to a recent portable information terminal, if 
the apparatus Is used principally during walking of the 
user, since the current position cannot be measured rap- 
idly, the user must wait at a place with the apparatus 
held in hand until the position measurement is complet- 

55 ed, which is very inconvenient. 

[0010] On the other hand, also it is a possible idea to 
perfonn position measurement with power supply nor- 
mally kept on. However, this causes the apparatus to 
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consume very much power. Where the apparatus is par- 
ticularly limited In power consumption lilce, for example, 
a car navigation system or a portable navigation system , 
It Is not preferable to nonnally keep the power supply on. 
[0011] Also where predetermined standby/startup of s 
a GPS receiver Is repeated to Intemiittently receive GPS 
signals, in order to maintain the accuracy In frequency 
and time, it is necessary to reduce the interval of Inter- 
mittent receptions to perfomi position measurement fre- 
quently, resulting in increase of the power consumption. 

SUMIWARY OF THE INVEI^n■|ON 

[001 2] An embodiment of the present invention seeks 
to provide a GPS receiver and a GPS position measure- 
ment method wherein GPS position measurement can 
be perf ornied stably and rapidly without the necessity to 
wait for periodical time intonmation from a G PS satellite. 
[0013] Another embodiment of the present invention 
seeks to provide a GPS receiver and a GPS position 
measurement method wherein power consumption is 
minimized also with a minimized position measurement 
time through the selection of an optimum time interval 
between Intennittent receptions of GPS signals. 
[0014] According to an aspect of the present inven- 
tion, there is provided a GPS receiver, including a GPS 
block for perfonning position measurement based on a 
signal transmitted from a GPS satellite to update a nav- 
igation message and repeating standby and startup 
thereof, and an external clock block for holding frequen- 
cy information and time infomnation of a high accuracy 
and outputting a start signal to the GPS block, which is 
in a standby state, based on the frequency Infonmation 
and the time information held therein. 
[0015] With the GPS receiver, the GPS measurement 
time can be reduced significantly, and the necessity to 
wait for periodical time inlomiatlon from a GPS satellite 
is eliminated. Consequently, the time required before 
position measurement is stabilized and reduced. Fur- 
ther, since an optimum GPS reception interval can be 
selected in accordance with a situation of the external 
clock, reduction of power consumption can be anticipat- 
ed. 

[0016] The GPS receh/er may further Includes a fre- 
quency measurement block for measuring a frequency 
offset which is a displacement of a frequency oscillator 
of the GPS block with reference to the frequency infor- 
mation held in the external clock block and outputting 
the measured frequency offset to the external clock 
block. The external clock block may control standby and 
startup of the GPS block based on the frequency offset 
outputted from the frequency measurement block. With 
the GPS receiver, an optimum interval of intermittent 
GPS receptions can be obtained based on the frequen- 
cy offset of the frequency oscillator, which allows aug- 
mentation in performance and further reduction In power 
consumption. 

[0017] According to another aspect of the present in- 



4 

vention, there is provided a GPS receiver, including po- 
sition measurement execution means having a frequen- 
cy oscillator for perfonning position measurement 
based on a signal transmitted from a GPS satellite, radio 
wave clock reception means for receiving a carrier from 
a radio wave clock broadcasting station, and frequency 
measurement means for measuring an error of the fre- 
quency oscillator of the position measurement execu- 
tion means based on a frequency of the carrier received 
by the radio wave clock reception means. 
[001 8] Also with the GPS receiver, the GPS measure- 
ment time can be reduced significantly, and the neces- 
sity to wait for periodical time Infomation from a GPS 
satellite Is eliminated. Consequently, the time required 
before position measurement is stabilized and reduced. 
Further, since an optimum GPS reception interval can 
be selected in accordance with a situation of the external 
clock, reduction of power consumption can be anticipat- 
ed. 

[0019] Preferably, the frequency measurement 
means outputs the measured error of the frequency os- 
cillator to the radio wave clock reception means, and the 
radio wave clock reception means controls startup/ 
standby of the position measurement execution means 
based on the error of the frequency oscillator outputted 
from the frequency measurement means. The GPS re- 
ceiver is advantageous in that the interval of time be- 
tween intermittent receptions of the GPS receiver can 
be extended to a valid time of a navigation message and 
the intennittent reception time Interval can be further ex- 
tended to further reduce the power consumption. 
[0020] According to a further aspect of the present in- 
vention, there Is provided a GPS position measurement 
method for a GPS receiver, including the steps of receiv- 
ing a hierarchteal navigation message from each of a 
plurality of GPS satellites, storing the received naviga- 
tion messages into a memory, storing frequency infor- 
mation and time information of a high accuracy into an 
external clock which normally is in an operating state, 
and repeating startup and standby of the GPS receiver 
within a predetemnined time determined using the fre- 
quency infonnation and the time infonnation held in the 
external clock to perfomi position measurement of the 
GPS receiver from the GPS satellites to update the nav- 
igation messages stored in the memory. 
[0021] Also with the GPS position measurement 
method for a GPS receiver, the GPS measurement time 
can be reduced significantly, and the necessity to wait 
for periodical time infonnation from a GPS satellite is 
eliminated. Consequently, the time required before po- 
sition measurement is stabilized and reduced. Further, 
since an optimum GPS reception interval can be select- 
ed in accordance with a situation of the external clock, 
reduction of power consumption can be anticipated. 
[0022] Preferably, an interval of time between startup 
and standby of the GPS receiver is varied based on a 
degree of accuracy of the frequency infonnation or the 
time infonnation held by the external clock. With the 
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GPS position measurement method, frequency infor- 
mation and time infonnation of a high accuracy and a 
navigation message can be held with certainty without 
depending upon a situation of the external ctocl<. 
[0023] it is to be noted that, for example, if the external 
clock Is constructed for reception of a carrier from a radio 
wave clock broadcasting station, the accuracy of the fre- 
quency information or the time infonmation held by the 
external block allows elongation of the Intemnittent re- 
ception interval to the maximum even if the GPS receiv- 
er does not Include a real time clock (ffTC) of a high 
accuracy. 

[0024] A better understanding of the present invention 
will become apparent from the following Illustrative de- 
scription taken in conjunction with the accompanying 
drawings In which like parts or elements denoted by like 
reference symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

FIG. 1 is a diagrammatic view showing a general 
construction of a GPS receiver to which an embod- 
iment of the present Invention Is applied; 
FIG. 2 Is a block diagram showing a detailed con- 
struction of a GPS block, an external clock block 
and a frequency measurement block of the GPS re- 
ceiver; 

FIG. 3 is a diagrammatic view illustrating operation 
of and communication contents between the GPS 
block and the GPS control block; 
FIG. 4 is a flowchart illustrating a flow of processing 
in the GPS block; 

FIG. 5 Is a flow chart illustrating a flow of a first proc- 
ess In the external clock block; 
FIG. 6 is a flowchart Illustrating a flow of a second 
process in the external clock block; 
FIG. 7 is a diagrammatic view illustrating position 
measurement operation In the GPS receiver; 
FIG. B is a diagrammatic view showing a general 
construction of another GPS receiver to which an 
embodiment of the present invention is applied; and 
FIGS. 9A and 9B are diagrammatic views showing 
a general construction of a conventional GPS sys- 
tem and illustrating conventional GPS position 
measurement operation, respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A. Embodiment 1 

[0026] Referring to FIG. 1 , there is shown a general 
construction of a GPS receiver to which an embodiment 
of the present invention is applied. The GPS receiver 
shown includes a GPS block 1 , an extemai clock block 
2 and a frequency measurement blocks. The GPS block 
1 1ncludes a GPS antenna section 9 for receiving a radio 



wave of 1 ,575.42 MHz transmitted from a GPS satellite 
at the height of approximate 20,000 km, a radio frequen- 
cy (RF) section 10 for converting the radio wave re- 
ceived by the GPS antenna section 9 into a signal of an 

5 intennediate frequency making use of a frequency of a 
frequency oscillator 12, and a digital section 20 for de- 
modulating the radio wave signal of the intennediate fre- 
quency from the RF section 10, extracting necessary 
data from the radio wave signal of the intennediate fre- 

10 quency and calculating the current position of the GPS 
receiver based on the extracted data. 
[0027] Meanwhile, the external clock block 2 is 
formed from a clock or a microcomputer having a built- 
in clock function which can transmit a predetemrilned 

15 signal in a predetemiined period. The GPS block 1 
sends to the extemai clock block 2 a setting signal in- 
dicative of a time Interval after which the GPS block 1 
should be started up. Upon reception of the setting sig- 
nal, the extemai clock block 2 sets a period In which a 

20 start signal is to be sent. The external clock block 2 
sends a start/standby signal to the GPS block 1. Upon 
reception of the start/standby signal, the GPS block 1 
can start itself or stand by. 

[0028] The frequency measurement block 3 meas- 

2s ures a frequency offset which is an amount of displace- 
ment of the frequency of the frequency oscillator 12 of 
the GPS block 1 with reference to or from a frequency 
of a high accuracy held by the external clock block 2, 
and sends a value obtained by the measurement to the 

30 external clock block 2. 

[0029] FIG. 2 shows a detailed construction of the 
GPS block 1 , the external clock block 2 and the frequen- 
cy measurement block 3. Referring to FIG. 2, a signal 
received by the GPS antenna section 9 is amplified by 

35 an amplifier (AM P) 11 of the RF section 1 0 of the GPS 
block 1 . The RF section 1 0 has the frequency oscillator 
(TCXO) 1 2 provided therein. A frequency signal from the 
frequency oscillator 1 2 Is multiplied to N times and then 
mixed with the signal amplified by the amplifier 1 1 by a 

40 mixer 14 so that the signal from the amplifier 11 is con- 
verted into an intennediate frequency signal. The inter- 
mediate frequency signal is amplified by an amplifier 15 
and then converted into a digital signal by an AD con- 
verter (ADC) 1 6. The digital signal is inputted to the dig- 

45 ftal section 20. 

[0030] The digital section 20 includes a CPU (Central 
Processing Unit) 21 for controlling the GPS block 1 , a 
demodulator 22 for demodulating the intennediate fre- 
quency signal, and a real time clock (RTC) 23 for pro- 

50 ducing a clock. The digital section 20 further includes a 
RAM 24 so that a difference between the frequency of 
a high accuracy of a GPS satellite and the frequency of 
the built-in frequency oscillator may be stored as an off- 
set or an acquired navigation message may be stored. 

55 The digital section 20 further includes a ROM 25 which 
has various kinds of control Infonnation and other nec- 
essary infomnatlon stored therein. 
[0031 ] The external clock block 2 includes a CPU 31 
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for controlling the external clock block 2. and a real time 
clock (RTC) 32 connected to a quartz oscillator (XTAL) 
33 and having a clock function. The external clock block 
2 further Includes a ROM 34 In which control information 
is stored, and a RAM 35 for storing time Inf onnatlon and 
80 forth. 

[0032] The GPS receiver further Includes a power 
supply 30 for supplying power to the GPS block 1, the 
extemal clock block 2 and other components. The pow- 
er supply 30 Is controlled on/off by the CPU 21 so that 
It should or should not supply power to the GPS block 

1 thereby to allow intermittent reception (steep recep- 
tion) wherein standby/startup of the GPS block are re- 
peated. 

[0033] The frequency measurement block 3 includes 
an intemal counter 41 . The counter 41 operates with an 
accurate clock obtained from a reference frequency sig- 
nal from the extemal clock block 2 to count a measure- 
ment object frequency signal from the RF section 10 of 
the GPS block 1 within a predetennined time produced 
from the clock. The frequency measurement block 3 out- 
puts the count value of the counter 41 as frequency 
measurement data (frequency Information) to the exter- 
nal clock block 2. 

[0034] FIG. 3 Illustrates operation and contents of 
communication between the blocks 1 and 2. Referring 
to FIG. 3, a setting signal indicative of a time interval 
after which the GPS block 1 should be started up next 
is transmitted from the GPS block 1 to the external clock 
block 2. The external clock block 2 receives the setting 
signal transmitted thereto and signals a standby signal 
to the GPS block 1 . Thereafter, the extemal clock block 

2 starts up and checks the timer of the RTC 32. After 
the extemal clock block 2 discriminates elapse of a pre- 
detennined time based on the check, It transmits a start 
signal to the GPS block 1 . At this time, where the exter- 
nal clock block 2 has frequency and time Information of 
a high accuracy, also the frequency and time information 
is transmitted to the GPS block 1 . 

[0035] FIG. 4 illustrates a flow of processing of the 
GPS block 1. 

[0036] The GPS block 1 to which power is supplied 
first executes a first time position measurement (step 
SI 01 ). As a result of the position measurement, the nav- 
igation message stored In the RAM 24 Is updated (step 
81 02). Then, the GPS block 1 transmits a setting signal 
to the extemal clock block 2 (step S103). The setting 
signal includes a valid time (usually within approximate- 
ly 2 hours) of a navigation message, and a time in which 
the error of the clock held by the GPS receiver remains 
within a fixed value or a time in which the error of the 
frequency oscillator 12 held by the GPS receiver re- 
mains within a fixed value. Thereafter, the GPS block 1 
waits a standby signal from the extemal clock block 2 
(step 3104). Then, if a standby signal is not received, 
then the position measurement Is repeated, that is, the 
GPS block 1 repeats the processing in steps 1 01 to 1 03. 
If a standby signal is received, then the GPS block 1 



disconnects the power supply and enters a standby 
mode (step SI 05). 

[0037] Then, when that one of the times set with the 
setting signal which has been selected in response to 

5 the state of the external clock block 2 elapses, the GPS 
block 1 receives a start signal from the external clock 
block 2 (step SI 06). Thus, the GPS block 1 starts up 
Itself (step S107). However, before a start signal is re- 
ceived, the GPS block 1 keeps its standby mode. At this 

10 time, if the external clock block 2 holds frequency and 
time Infonnation of a high accuracy, the GPS block 1 
receives the frequency and time information as well. 
Then, the GPS block 1 perfomis position measurement 
again (step SI 01) and updates the navigation message 

15 (step S102), and then enters a standby mode similarly 
(steps S103 to SI 05) If the external clock block 2 does 
not hold frequency and time infonnation of a high accu- 
racy, such information is not transmitted to the GPS 
block 1 , and consequently, the GPS 1 performs position 

20 measurement using frequency and time infonnation 
held therein. In this manner, the GPS block 1 of the GPS 
receiver of the present embodiment executes Intemiit- 
tent position measurement in two different ways in re- 
sponse to a situation of the external clock block 2, that 

2s is, either executes position measurement using fre- 
quency and time infonnation from the external clock 
block 2 or executes position measurement using fre- 
quency and time information held in the Inside of the 
GPS block 1. 

30 [0038] FIG. 5 illustrates a flow of a first process of the 
external clock block 2. The external clock block 2 of the 
GPS receiver of the present embodiment continues to 
normally operate and holds frequency and time infonna- 
tion of a high accuracy. The external clock block 2 first 

35 waits for a setting signal transmitted from the GPS block 
1 (step S11 1 ). When a setting signal Is received, the ex- 
ternal clock block 2 updates the setting time of the RTC 
32 based on accurate time sent thereto from the GPS 
block 1 (step Si 1 2) and starts up the timer (step S1 1 3). 

40 Then, the extemal clock block 2 transmits a standby sig- 
nal to the GPS block 1 (step S114). Thereafter, the ex- 
ternal clock block 2 continues to operate and discrimi- 
nates whether or not counti ng of time of the timer comes 
to an end (step S1 15). The discrimination is repeated 

45 until counting of time of the timer comes to an end. After 
the counting of time of the timer comes to an end, that 
is, after the time interval set from the GPS block 1 elaps- 
es, the extemal clock block 2 transmits a start signal to 
the GPS block 1 (step S 11 6). The GPS block 1 receives 

50 the start signal and cancels the standby mode described 
above to thus start up itself. At this time, the external 
clock block 2 transmits the frequency measured by the 
frequency measurement block 3 or the frequency offset 
and the time infonnation held therein as well to the GPS 

55 block 1 (step S1 1 7). Consequently, the GPS block 1 can 
repeat start/standby of itself after the predetennined 
time interval to repetitively update the frequency offset, 
the time and the navigation message and can thereby 
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hold a frequency reference and time information of a 
high accuracy and the latest navigation message. 
[0039] FIG. 6 illustrates a flow of a second process of 
the external clock block 2. Here, different processes are 
perfonned depending upon whether or not the frequen- s 
cy and time infomiatlon Is accurate to some degree. The 
extemal clock block 2 waits for a setting signal transmit- 
ted from the GPS block 1 (step SI 21). When a setting 
signal is received, the external clock block 2 checks the 
accuracy of the frequency and time infomnatlon which is 
held or can be acquired by the external clock block 2 
(step S122). if the frequency and time information is ac- 
curate to some degree, then the external clock block 2 
updates the setting time of the timer 1 (step S123). 
Then , the extemal clock block 2 starts up a timer 1 (step 
S124) and transmits a standby signal to the GPS block 
1 (step S 1 25) . When the time of the timer 1 updated with 
the setting signal elapses after the standby signal is 
transmitted (step S1 26), the extemal clock block 2 trans- 
mits a start signal to the GPS block 1 (step S127), Fur- 
ther, the external clock block 2 transmits the frequency 
and time information held therein as well to the GPS 
block 1 (step SI 28). 

[0040] On the other hand, if it is discriminated in step 
8122 that the frequency and time Infonmatlon which Is 
held or can be acquired by the extemal clock block 2 is 
inaccurate, then the external clock block 2 updates the 
setting time of a timer 2 (step SI 29). Then, the extemal 
clock block 2 starts up the timer 2 (step SI 30) and trans- 
mits a standby signal to the GPS block 1 (step S131) 
When the time of the timer 2 updated with the setting 
signal elapses after the standby signal is transmitted 
(step SI 32), the extemal clock block 2 transmits a start 
signal to the GPS block 1 (step SI 33). In this manner, 
the Interval of time between a standby signal and a start 
signal to be transmitted to the G PS block 1 1s varied de- 
pending upon the accuracy of the frequency and time 
infomiation which is held or can be acquired by the ex- 
ternal clock block 2, and also contents to be transmitted 
to the GPS block 1 upon transmission of a start signal 
can be varied. 

[0041] It is to be noted that the frequency measure- 
ment block 3 uses the frequency of a high accuracy held 
by the extemal clock block 2 as a reference to measure 
the frequency of the frequency oscillator 12 of the GPS 
block 1 or the frequency offset which is a displacement 
of the frequency of the frequency oscillator 1 2 from the 
frequency of the extemal clock block 2 and sends the 
measured value to the external clock block 2. 
[0042] As described above, in the GPS receiver of the 
present embodiment, the external clock block 2 always 
operates, and the GPS block 1 can always hold frequen- 
cy and time infomiation of a high accuracy and a navi- 
gation message. Where the GPS infomiation holds such 
infomriation, the time required for GPS position meas- 
urement can be reduced significantly. 
[0043] Further, where the external clock block 2 al- 
ways operates and the interval of time of intenmittent re- 



ceptions of the GPS block 1 is varied based on the ac- 
curacy of the frequency and time infonmation which is 
held or can be acquired by the external clock block 2, 
frequency and time infomnation of a high accuracy and 
a navigation message can be held with certainty without 
depending upon the situation of the external clock block 
2. Further, where the extemal clock block 2 can hold or 
acquire frequency and time information of a high accu- 
racy, the valid time of the navigation message can be 
elongated. Therefore, the Interval of time of intemiittent 
receptions of the GPS block 1 can be Increased, and 
consequently, reduction of the power consumption can 
be achieved. 

[0044] FIG. 7 illustrates a position measurement op- 
eration of the GPS receiver of the present embodiment. 
An ordinary GPS receiver first perfonna a frequency 
search after power supply is made available as seen in 
FIG. 96. The frequency search Is to establish synchro- 
nism In frequency with a signal from the GPS satellite 
200 using a frequency oscillated by the frequency oscil- 
lator 215 in the GPS receiver 210 as described above. 
Usually, the accuracy of the frequency oscillator 215 in 
the GPS receiver 210 is deteriorated by the temperature 
or the secular change, and this displaces the frequency 
thereof from its accuracy frequency. In such an instance, 
synchronism with the signal from the GPS satellite 200 
cannot be established. Therefore, the frequency of the 
frequency oscillator 215 In the GPS receiver 210 is suc- 
cessively displaced stepwise until synchronism with the 
accurate signal from the GPS satellite 200 is estab- 
lished. Then, at a point of time when a correlation of a 
certain level is detected by the frequency search, phase 
adjustment is performed using the PLL. Then, after the 
phase adjustment is completed, range data which rep- 
resents a distance from each GPS 200 Is acquired, 
which enables demodulation of data. While the state in 
which demodulation data can be acquired continues, it 
Is waited thattime information in data is acquired. Then, 
when data is acquired, position measurement calcula- 
tion is perfonned, and resulting position data is output- 
ted. Accordingly, if a frequency of a high accuracy which 
is free from frequency displacement by the temperature 
or a secular change can be obtained, then such a fre- 
quency search as described above with reference to 
FIG. 6 need not be performed. Further, if time informa- 
tion of a high accuracy can be obtained simultaneously, 
then the necessity to perfonn confirmation of time infor- 
mation is eliminated. 

[0045] In particular, as seen from FIG. 7, with the GPS 
receiver of the present embodiment, part of operation 
necessary for the GPS position measurement is not re- 
quired any more, and phase adjustment In which a PLL 
is used can be started immediately and then a position 
measurement operation can be started immediately. As 
a result, the time whteh has been required for the oper- 
ation is not required any more, and the position meas- 
urement time can be reduced significantly. 
[0046] On the other hand, when no navigation mea- 
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sage is held at a point of time when position measure- 
ment Is started or when lapse of time invalidates a nav- 
igation message, further time tor acquiring a navigation 
message is required in a GPS position measurement 
operation. In the GPS receiver of the present embodi- s 
ment, however, since the navigation message is always 
updated to the latest one, acquisition of a navigation 
message can be omitted from position measurement. 
Consequently, the position measurement time can be 
reduced significantly. 

B. Embodiment 2 

[0047] The GPS receiver of the Embodiment 1 de- 
scribed above includes the frequency measurement 
block 3 80 that the interval of time between Intemnittent 
receptions of GPS signals is varied in accordance with 
the accuracy of frequency and time Information which Is 
held in or can be acquired by the external clock block 2. 
The GPS receiver of the present Embodiment 2 is a 
modification to but is different from the GPS receiver of 
the Embodiment 1 in that it uses a radio wave clock 
block, which makes use of a radio wave clock as an ex- 
ternal clock, in place of the external clock block 2 to vary 
the Interval of time of intenmittent receptions of GPS sig- 
nals. Thus, overlapping description of the other common 
components is omitted here to avoid redundancy. 
[0048] Refenring to FIG. 8, there is shown a general 
construction of the GPS receiver of the Embodiment 2. 
The GPS receiver of the Embodiment 2 includes a radio 
wave clock block 4 in addition to the GPS block 1 and 
the frequency measurement block 3 described herein- 
above with reference to FIG. 1. The radio wave clock 
block 4 includes a GPS antenna section 5 for receiving 
a carrier of 40 KHz which is a standard radio wave con- 
trolled by the Communications Research Laboratory of 
the Ministry of Post and Telecommunk:atlons of Japan, 
a signal demodulation section 6 for amplifying and de- 
tecting the carrier received by the GPS antenna section 
5, and a digital section 7 for reading time infonnation 
from the waveform detected by the signal demodulation 
section 6. 

[0049] In the GPS receiver of the present embodi- 
ment, power Is nonmaity supplied to the radio wave clock 
block 4 so that the radio wave clock block 4 receives a 
signal from a radio wave clock broadcasting station to 
nonmally hold time information of a high accuracy and a 
frequency reference of a high accuracy. The radio wave 
clock block 4 outputs a frequency of the carrier of 40 
KHz amplified but before detected by the signal demod- 
ulation section 6 to the frequency measurement block 
3. The frequency measurement block 3 thus uses the 
counter 41 described hereinabove to detect an error of 
the f requ ency oscillator 1 2 of the G PS block 1 . The radio 
wave clock block 4 receives the en-or of the frequency 
oscillator 12 as frequency infomnation and suitably sets 
a standby time based on the frequency Infomriation. 
Then, the radio wave clock block 4 controls standby/ 
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startup of the GPS block 1 based on the standby time 
so as to perfomi intermittent reception. The GPS block 
1 starts up itself periodically under the control of the ra- 
dio wave clock block 4 and updates ephemeris data nec- 
essary for position measurement calculation which are 
position Infonmation of GPS satellites. When the acqui- 
sition of ephemeris data Is completed, the GPS block 1 
enters a sleep (standby) mode. Repetitions of such star- 
tup/standby allow the GPS block 1 to nonmally hold the 
latest ephemeris data. 

[0050] In order to perfomn position measurement, the 
GPS block 1 receives time Information and frequency 
Information (errors) from the radio wave clock block 4 at 
a moment when power supply to the GPS block 1 is 
made available. The GPS receiver can use the informa- 
tion to perfomn such high speed position measurement 
as described hereinabove with reference to FIG. 7. 
[0051] An interval of time between sleep receptions 
(intemnittent reception) and average power consump- 
tion necessary to normally realize high speed position 
measurement where the GPS receiver of the present 
embodiment is used are examined here. 
[0052] Where the power consumption of the GPS 
block 1 is represented by Wgps, the standby time by TK, 
and the startup time by Ton, the average power con- 
sumption Wavg can be calculated in accordance with 

Wavg = (Wgps x Ton)/Tk 

[0053] In the GPS receiver of the present embodi- 
ment, the sleep reception is used only for acquisition of 
ephemeris data, and therefore, it can be considered that 
the period necessary for updating the ephemeris data 
Is equal to the Interval of time between sleep receptions. 
Usually, It Is regarded that the life of ephemeris data is 
approximately 2 hours. Therefore, also the updating 
time is considered to be 2 hours (7,200 seconds) at the 
maximum. Further, if it is assumed that the startup time 
(time for acquisition of ephemeris data) Ton Is 60 sec- 
onds and the power consumption Wgps of the GPS 
block 1 is 580 mW, then 



Thus, if it is assumed that the power consumption of the 
radio wave clock block 4 is 1 5 mW, then the total power 
consumption is 4,8 + 1 5 = 1 9.8 (mW). Consequently, the 
power consumption can be reduced significantly. 
[0054] Further, with the GPS receiver of the present 
embodiment, even if it does not include a real time clock 
(RTC) of a high accuracy inside thereof, the sleep re- 
ception interval of the GPS receiver can be increased 
to the maximum. Also from this, the average power con- 
sumption can be suppressed low. Furthemrjore, since a 
frequency reference of a high accuracy from the radio 
wave clock block 4 can be utilized, even if the frequency 
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oscillator in the GPS receiver has a great error, reliable 
high speed position measurement can be achieved. 
[0055] While Illustrative embodiments of the present 
invention have been described using specific ternis, 
such description is for illustrative purposes only, and it 
is to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
Invention. 



Claims 

1. A GPS receiver, comprising: 

a GPS blocic for perfomning position measure- 
ment based on a signal transmitted from a GPS 
satellite to update a navigation message and 
repeating standby and startup thereof; and 
an external clock block for holding frequency 
information and time information of a high ac- 
curacy and outputting a start signal to said GPS 
block, which is in a standby state, based on the 
frequency infomiatlon and the time infomiatlon 
held therein. 

2. A GPS receiver according to claim 1 , further com- 
prising a frequency measurement block for meas- 
uring a frequency offset which is a displacement of 

a frequency oscillator of said GPS block with refer- 
ence to the frequency information held in said ex- 
ternal dock block and outputting the measured fre- 
quency offset to said external clock block. 

3. A GPS receiver according to claim 2, wherein said 
external clock block controls standby and startup of 
said GPS block based on the frequency offset out- 
putted from said frequency measurement block. 

4. A GPS receiver, comprising: 

position measurement execution means in- 
cluding a frequency oscillator for performing 
posidon measurement based on a signal trans- 
mitted from a GPS satellite; 
radio wave clock reception means for receiving 
a canier from a radio wave clock broadcasting 
station; and 

frequency measurement means for measuring 
an error of said frequency oscillator of said po- 
sition measurement execution means based on 
a frequency of the carrier received by said radio 
wave ck>ck reception means. 

5. A GPS receiver according to claim 4, wherein said 
frequency measurement means outputs the meas- 
ured en-or of said frequency oscillator to said radio 
wave clock reception means, and said radio wave 
clock reception means controls startup/standby of 
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said position measurement execution means based 
on the error of said frequency oscillator outputted 
from said frequency measurement means. 

5 6. AGPS position measurement method for a GPS re- 
ceiver, comprising the steps of: 

receiving a hierarchical navigation message 
from each of a plurality of GPS satellites; 
storing the received navigation messages into 
a memory; 

storing frequency information and time infomna- 
tion of a high accuracy into an external clock 
which nonmally is in an operating state; and 
repeating startup and standby of said GPS re- 
ceiver within a predetemnined time detemilned 
using the frequency infonnation and the time 
infonmation held in said extemai clock to per- 
fomn position measurement of said GPS receiv- 
er from said GPS satellites to update the navi- 
gation messages stored in said memory. 

7. A GPS position measurement method according to 
claim 6, wherein an interval of time between startup 
and standby of said GPS receiver is varied based 
on a degree of accuracy of the frequency informa- 
tion or the time Infonmation held by said extemai 
clock. 
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